UNCLASSIFIED

AD NUMBER

AD283067

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational use; 30 Jun
1962. Other requests shall be referred to
Quartermaster Food and Container INST for
the Armed Forces, Chicago IL.

AUTHORITY

DoDD 5230.24, 18 Mar 1987

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

0 283 067

Reproduced
by the
ARMED SERVICES TECHNICAL INFORMATION AGENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED




NOTICE: When government or other drawlngs, specl-
fleations or other data are used for any purpose
other than 1in connection with a definitely related
government procurement operation, the U. S,
jovernment;, thereby lncurs no responsiblllty, nor any
ohllgation whatsoevery and the fact that the Govern-
ment, may have formuilated, furnlshed, or Iln any way
sapplled the aald drawlngs, speclflcations, or other
datn 1o not Lo be regarded by Implicoation or other-
wlioe ng In any manmer lLleenslng the holder or any
other person or corporatlon, or conveylng any rlghto
or perminclon Lo manifacture, use or gell any
pntenbed Invenblon that may In any way be related
thereto.




.....

R~341 « Final Report

Phase B «~ Part II

Contract: DA19-129-qm-19%0
Truesdeil Labs,, Inc,

Optimal Water Storage Study of
Multifunctional Water-Commode Containers

Poriod: 30 April 1962 = 30 June 1962

A o "

QUARTHKRMASLTER FOOD AND CONTAINKR INOSTITUTE FOR THE ARMED I o
Rasaarch and Fnginnering Command
Wartarmastar Corpa, .5, Amy
Chicapo, Illinoin



‘d.sBa VYl Qita AipIq
-1edwod [BITWIO pamoys suswd ||y -LAn¥aiLr [surdica NBdDON [ 231waYD praays LI sepd

pasoys wotwul auegdo((ad-2a3]{q:19410d pur 23245 a41cd

H PEMOYY JIBUITIB] 2ueydo] 2. ue;.

‘L1 0ot Jood pamogs [Auta ‘9T o Fuouy ciazuites | . fEFLam o paxogs pSun “s1av. PR PR
Panojaid oy aq 01 1vdAds SPISE DI[ASII) LDIIIB JEFFID : Foroejdnl oy g sl spon D srn e v
A1V O pIM0Ys {5 Epos gFnogmie ‘Asuaydociyrmuad 1ISISU OU PIMOYS Q5B ¥PIs GPACQIT ot 1o o s
warpos pue sjopagd pauodms Sprsw O1/5dI5 ‘gseE TPoS ' EZIPes per SO FALILoder ¢ o e,
‘31 ‘SIFTNURS |1V [IA PIAIIYIB SEM JOIITSI JoPC Jendbspy DR 1YSTAZRMES (18 QIlA pastiie s e e
*SAED 1 Jo porlad 83340 'SIIZNIVES 1US1IJJTP M) Juigivmued ©SAEP PI jo petiad BiIAC CSILZIIDEY 1326507 pe . v Liwi
pos £E1Y dNSV[d 1UAIINIP Y ilm PITL] SIdUTRLUED WP COPYS SWIT MR JODIOLE SANL G m [T MU L0 w0

33q1] B) A1swA gewny jo £1I]IGBI0IS Q) O PAIB25INT e vIR) pRY VT 2158 BAINL JOANIIGRICIS Y co pai0asSit 2 v w v

‘:0ddy parpissudon
§°01LT "ON133(01d *(($£09°1°0) 066 1-HRO-6LT-61YQ 19r 1130}
*831qW y *de §°7961 2uN[ 67 '[] 3104 - g ISUYY “1lodIy U1

. Yot pespiEse )
§'01TI"eN adeid "((SLO9°1°0) Lol WO wl i vy
LGN L C NN T SR LY SRS A (R ELF Y tAPR Ty ety ey

wyo{g *1°D PI® SyMIZPUEd o] GECH! B wo RELLIRE AT T IV
(9L09°1°0) ““3f ‘preg £31peig *D - SYINIYINOD IAOWKOD-HILY S TV CiL09'1°0) C{preA A21PRIg D UHNIVINGD 3G 3 b I Y

066 T-HD-621-61vQ 39891807 *T | -NOLLONAJLLINK 40 ACLLS ADVYQLSHIALYA TYRLLAO 006G el SV 13MATO) 7 7 -NOWLIKDALL LN 40O A0 5 HOVHOLS HILVE IV J. -
Lpmig afwioig 1a1ey “ | JHeD ‘$3[38uy S077 ‘'Ouj ‘SINICIEIOQB] [1EPSINI] Apmig sSeing 1atey 7 | D ‘$IjIFUY sy TEININIOgTL 1Y S9N )
QIILISSVIONN TON UOISSAIDYT— T Ay QIATISSY T2 wn T TTT T TN uotesandy i
) ‘AISWA 2 s A311G ! LR P R LR
-nNedmod [wmayd pasoys soussd [y ~Lrngaint four¥iza ReITOO [BOTMAYD PImOYT HINTE [y (TN U s aYoew
PIaoqs Jvurwe| 2o¥qJO[92-20d[4P12410¢ puv IBI[LyiaL[od PAANYS NNONa¥] SONd01]3I-303AY 2410 D0 2dap gt
‘Qiy8a1uy J00d pomogs (4oia *$:duy gt FuoTy laznULS ‘511390101 1000 PAACHS [VUES B8 ot oLy Leliiuss
paszsjasd o aq 01 seadds spIdE I1AKIIY UONIY TR , Pa.:3joud aql aq o1 rrodde $p1dy > Aval s w e gn
-133159q ob paaoqys Yse Fpos gBuoipju ‘31evagdoojqamuad ) <12198q 0U PIscys Qe wpos gPLogye Coienaio. '
wnipos pow sjouagd parjroodes ‘SPIdE D110 ‘yie Bpcs CTIPOL pUN FIOUIYS PaiUedes vt feail ysrv o
1°S$13ZNT0WS [W I PIAIIGOR SUA (051307 J0PO JtEnbapy LR TEIAZITUME LY LIa LAY VA OB L., e
" *s4wp y|jo pouad ®1940 ‘$15IN1TVE 101 J1P Mo} FMUITINGD w PAWD §; jOPOISES B1A0 " DAL NORL ST E S Lt v
PpUe swly Snse(d J0IINP 33IP i pIVI] $IIVIVITOD WNIP | Om® LW ONSYRY (NI SR Y el Baande,
*19Q1) U1 NBEA Sx@G JO A11{1IqRI0IE I GO PIIVIEI IIw wiw(] ! J2QI3 T piswa BPTAY 1O L0 UVLlY LU 3 abane g o
‘uoday pIrjieswpdun _ Cofe e
8°01ZZ 'oN333l01g “((9209'1°0) 066 1-RM-GZ I-61vQ 32w31803) R OICT TN WD O hT N ST 0]
‘23qNy 4 67961 Jun( T ([ 1%y - g IFYL ‘woday rBUld Dasiquiy a8 gon a8y 67 e o v L
wyold <Y D pus simzpesg ] , x
(9L09°1°0) | ‘:If ‘prea 43(pe:g " - SYINIVINOD FJCOMNOD-HALYA IV BLOITT0) T eegp denieag L HENTY N P
066 1-NO-GZT-61vd 12%n80D) °T | -NOLLONNALLTAN 4O AQNLS 3DVUOLS ALV A TYNLLAC COE T-NOR67 (-6 1S 1383800 *2 s 5L LU 40 A \ " Pooand,
Apmg a¥wiorg 1wy Y ‘Je) ‘s3pafay so) ‘-5u] ‘saormioqey [iepsini) H Apng adeioig 1Ty ¢ fen) sejwdey .
QIIISSV'IONN —= - ‘ON UJ18$330\ av . qArdISSY1ONA : St AN Letheal L, '

Best Available Copy



>
Q.
Q
......................................... R LR O
_~ ‘21584 20 (iia AyIg ) e
! -nedwed [vINIIY) pImoys sonsed |1y -Ludanw peuidrem L —
. pasoys sume] savydo][ao-233[4qivkjod por auspdialjed ‘ - b
! L1191y sood pamoys [Aura ‘3isty| I Fuowy -sITGiUEs o a
| paudjaid 3@ 3q o1 1e3ddB SPIIE S1ASRD LENIT [PPID FPlaraid 241 9 01 suadur 4 o —
) -1915Tq ou pakoQs Yss wpos yfnoQie ‘euaydoiojydmuad Cuaieg ag pawoys qse 800 ¥ v el lm
i wnrpos puv sjovagd paiivodws ‘Ep1d3 I1;A531d ‘ysw epos D CmNT pow £jeuaqd Paiaedve TSPV e oo e
{ ‘' 'SIIZTLIITES [[8 PNIA PIAIIYDB SEA [ONTVOD ICpPO Suuvoﬂ< : ' 1'8132 02w WY Qe EOARILTY Sva jotu LIPC e 3 V
{ *2A¥p ¥ j0 po1sad 81240 ‘533ZNIUES 101 P IN0] FulTIwIUOS ’ _ BATP P o pCHR ¥ IS0 ‘SIATLTAUS 1ESIND ing) ; A
\ pue swiy dnsvid 1UIIdJIp 34 YA PITY SICIIVOD WTIP | PE STH) 3SR 1ULTeifi[ 335 Qila PIG Sia R o .
1 33q1} UT ASwa UNBRY 0 A11[1q8I0IS I TO painasaid aiu misg w SN VI ACWA UVDA] JUANIQRIONS Q1 UC LTI .o 0 L.Am
“ 1:0day pajiesspoun | m . ’ e
i 8°01ZT"oN133f03d *{((9£09°1°0) 065T-ND-6L1-61v( 18803) - . B
| '831qW p dd 67961 20n{ £7 'II AL - g 5wy q "1oday (RO ¢ ¢
— . 1 : b
I wyerd ¢ D pye synizpoey ] ; Wqoly PtDy puw stiapary
1 (9409°1°0) *3f ‘piwg A31pwig *D - SYIANIVINOD JAONHOD-YILVA TV (9205 *L*Di m S prmg 431PSIY CD - SHANIVINGD AR VIV E IV
| 066 T-HO-6L1-61va 19®180) "7 | -NOLLONNSLL'INN 40 AQLS FOVHOLSHILY A TYRLLIO 06 1-KO Gl 1-6ly:] 2Imnte)) 7 t NOLIDNALLL TN 0 ANLS 30OVYEOLS 424V 8 VAL
| Apmig adwioig 101wy Y ‘jie) ‘sajafuy soq ‘-2u] ‘sI1I0IwIoqEj [18PSINI] Apnig afwiolg samyg ! . W) eAIFTY O] 3U] Ceaiaiaiofe | RLaLnl]
i GHILYSSY TONN ‘ON U01§S333y - av A31AISSY 1IN WI.-.; TTTUTTTTT foN molssaddy o dv
_ H
foooe BT e o U AU e ey e S I S JER—.
“ b ‘iTea 3P Qua Atyiq .
I -nedwod [w1BIYD pamoys sduswd [y ~LirEaur reuiivm ) W “RBJWOD [BITAIYI PIAI I €I.0CBl |y K1n¥ILai
i PaAoys 21wUTEY] 20wydc|]ad-283[A2aAjo¢ puw auu(iqiakjod . poacqs wbrme] duwydo](30 -0 L0 ! puR sl
| o ‘hyadnmy sood pamoys 14074 ‘1307 I JoOWY IIZTIITES ) ‘L1178 m 10od pamoys jLuts ‘¥1oury L Fuluy
i Pa133jaid A 3q 01 svadde spIdE D1]4E3r) ‘CONDE jEPID . : ’ ! P2113J33¢ a1 3q 0 iwAdiM SpPIdV DA ) UK b,
) -13310¥q ou pIaocys gse vpos yiaoqix ‘Jresdqdoiojqirnidad | , 1391094 0U PIAUYS YNT mpo¥ YNNONI ¢ ANLILIe. v,
| WUIpos PUY #10TaIRd patjivodws ‘SPIO® 2145 ‘Ysw Wpos ‘ umipos pov S{ouagd parfrucdes ‘spioe L ivs e o, .
1 *3°1 ‘SISTNIVES [[WQIIA PIAIGOE SuA {oNnao0d jopo ar1Enbapy §TITEEIPRIIICNT [P it [OAITTR PUM 04U o et
1 " *sAwp §1 )0 por1ad B31IA0 '$IIZTNIINS 10313§1p MOJ BTITIWMTOD q "BARP b Jopoliad widAn R I LILENE FAL LA W 2 A
| pow sw|y umund—& ITIITP 3 PiA PIVI] $130I¥I002 WnIp COPUW SWwi) ONFRES LuaIT)p 32 iy PIT SLSU L
I *3aq1} Bt Meva gwawng jo 111G RI0IE I TGO PAIVISI IIv Uie( ; m I2QIIUT AICWA GRADY JO ANI[IQEIME UL wo L AUt T o m
" ‘1z0day paiisseydon _ : PR PR TR
| 8°01ZZ ‘oN 1>3f01d *((9£09°1°0) 066T-ND-6Z1-61vQ 328n00)) L EUOIZZ ONIMGIE (St 6T W LTV ke
] ‘#3qmy ‘A 6 TOET N[ GT°{] :1wgd - g IsEG “13089Y [eoTg . ! RRICL SRR P - A BE - LS B B I BVt T P N P S S
__ wgojg *J*D pus sijuizpusg | .m . EUCR IR )
i (9L09°1°0) '3[ 'preg £3Pmg °) - SHANIVINOD FGOMNOD-HIALVA TV (SLOR*ICF i Py A%ik¥i "D wANIY LW 3 O e St
i 066T-RO-6Z1-61va 1290902 -7 | -NOLLONNALLINK 4O AQNLS IDVHOLSHALYA 1YNLLJO 066 1-NO-621-61¥ 0 128aLeD *I L il HONASLL AN 40 AQ LIS 4OV 2 el 1 v
| Apuig afwioig wreg { ‘sNe) ‘sajafoy soy -ooy ‘sauoiwioqer [tepsani] Apmig adwioig vy, | Jiey ‘rajeVuy soc; D
| AIJISSYTONN "ON Uo1£$332y av . QHI4ISSVION] TTOTT AN e Ly '
!
o




CONTRACT RESEARCH PROJECT REPORT

QUARTERMASTER FOOD AND CONTAINER INSTITUTE FOR THE ARMED ﬁ%RGES, CHICAGO
QM Research and Englneering Command, U. S. Army, QM Ressarch and Engincering
Center, Natick, Massachusetts

Truesdail Laboratories, Inc.
4101 No. Figueroa Street
Los Angalas 65, California

Officlal Investigatorsa:
C. Rradiay Ward, Jr.
T. Bandziulis
‘e L. Blohm

Project Nre. 2210.8
Contract: DAL9-129~-qm~1990
Report: (Final)- Phase B - Part II
File Nr.: R-3L.
Period: 30 Aprii 1962 -

3G June 1962
Initiation Date: 30 April 1962

Title of Contract = Phase B - Part II: Human Waste Storage




Final Repoyt « Phase B = Part II
PROJECT NUMBER 2210.8 '
CONTRACT #DA19-129-QM-1990 (0.I.6076)

29 June 1962

INTRODUGTION

This report is submitted in accordance with the requirements stipulated in
Article 1 =~ Phadé B - Part II of Contract DAL9-125-QM-1990 (0.I.6076) entered
into between the Quartermaster Food and Container Institute and Truesdail
Luboratories, Ine. on April 30, 1962, Data are presented on storability of
human waste, over a period of 1 days, in fiber drums lined with three different
types of plastic films and the effect of four different disinfectants on control
of gas evolution and odor. This is the final report on Phase B, Part II1 of the
coniracte

HUMAN WASTE STORAGE TESTS

LABORATORY EXPERIMENTS

In vonsiderdng the preblems of sanitization and odor control in the storage of

mixed human waste, it was assumed that perceptible odor would be related to free

gag formation. This assumptlion was predicated on the consideration that the

plastic liners tested are all permeable, in some degree, to gases, Laboratory

tests on liners showed that air penetrates the fiilms at rates of one liter or more
'par square fodt per 24 hours at only a few inches of water pressure above atmospheric.
If no appreciable amount of free gas were developed, there would be no vehicle for
tranoport of odors through the ssaled liners. The vapor pressure of dissolved gases,
such as ammonia, aminesj and sulfur containing compounds, would be quite low and,
therefore, provide little driving force for diffusion. In order, therefore, to
conduct preliminary evaluations of proposed sanitizing agents, experiments were
dugigned Lo measure gas formation as an index of effectiveness of the agent being
L.osteds.

Urine and fecal specimens from at least three people were collected and mixed tho
same cday to a slurry containing approximately 6.5% solids, as calculated from

avers;e values given in "Practical Physiologlcal Chemistry," 13th Edition, (Hawk,
Oser, and Summerson). Any hard lumps were pressed or broken apart. Approximately
1404 of invert sugar was thon added to the slurry. As described in our proposal
undor this contract, previous experience in this laboratory had indicated that in
order to always assure definite vigorous bacterial action in human excremont as
cvldencud by gas genaration, it i necessary to furnish a substrate such as sugar,
which iy vasily fermentable to carbon dioxide. If thlis is not dope the gases formed,
such as ammonia and hydrogen sulfide, whieh are epprecisbly soluble in aqueous
solutions, dissolve to a large extent in the excrement sluyry and visual obscrvation
ol' gag formation as a result of fermentation is difficult if not impossible., Furthor.
more, human excrements usually do not contain sufficient nutrients for bacteria to
thrive, resulting in little or no gas generation. Since, as pointed out abnve, tho
odor problom in a confined area is tied direct to the formation of gas by bacterial
actlon, addition of invert sugar as a btacterial nutrient was belicved to be necessary
to assury proper bacterial actions. In this manner, more rigorous test conditions
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were obtained, permitting evaluation of sanitizers under somawhat extreme conditionms.
Addition of sugar would also simulate situations where materials other than feces, such
as vomlit, may be introduced into the containers. A temperature of B6°F was used for
incubation during the laboratory tests. ’

Various preservatives were added in varying amounts to portions of the excrement
slurry, ana from these portions, Smith fermentatlon tubes or tube-inverted-within-a-
tube gas collectors were filled.

Five preserva ives were tested: 1) Cr syllc acids (high boiling mixturel), 2) phenol-~
soap mixture (50% phenol, 25% anhydrous soap, 25% inert), 3) soda ash (anhydrous
sodium carbonate), 4) sodium pentachlorophenate (bead form), and 5) paraformaldehyde.
The use of quatendaries, organic iodine compounds and materials of similar nature was
considered but, in view of the high cos of these compounds and the need for high
concentrations to obtain ef ective san® ationg thay were not included in the tests.
The soda ash was not readily soluble unless added to the contalner after the aqueous
mixture nd stirred. However, soda ash was selected rather than the more readlly
soluble hydrated sodium carbonate (wash®ng soda) because of the extra weight of

L0 molecules of water per molecule of sodium carbonate, and also because of the
higher price of the washing soda, Paraformaldehyde and sodium pantachlorophenate
were dis olved 1n the same m nner as the soda ash, Fof the preservation of excrement
in the l0-gallon drum tests vide infra) 1.5 llters of tap water ware added to each
plastic-lined drum before addition of the preservatlves,

An inter stinp phenomenon was observed during the laboratory fermentation experiments;:
Tn the a scnce of preservat: e, large amounts of gas were produced during the initial
part of the fermentation period. This gas was largaly reabsorbed by the excrement
slurry urinpg the later part of the fermentation period. This phenomenon may be
explained by the following mechanism: During the initial stage of the experiment
{nvert sugar was preferentially fermented with the formation of carbon dioxide which

is sparingly soluble in the essentlally neutral slu ry, After the invert sugar was
consume , further fermentation of urea, proteins and other organic materials esulted
in the ormation of ommonia, amines and of some sulfur compounds, primarily h_drogen
sul fide,  Ammonia and amines react readlly with acid gases such as carbon dioxide and
hydrogen sulfide forming ammonium carbonate, bicarbonate, sulflide and the corresponding
amine compounds, all of which are very soluble in water. Production of an excess amount
of ammonia or amines over that of acid gas will, therefore, result in reabsorption of
the carbon dioxide originally evolved, The validity of this hypothesls is e denced,
atthouth andirectly, by pH values of 8,7 - 9,0 of the excrement slurry measu ed at the
end of the experiment. Hormal sugar fermentation results in final pH values elow 7,0.

The results from two series of expariments, using separate controls, are shown in
Tables T andg 1T,

fhe inspection of the tables shows that early gas production was observed in he

contra  tubes, followed by a disappearance of nearly all of the visually-observed pas
rhase.  According to the mechanism discussed above, this does not indicate a subsidencn
of sas production, but rather an initial formation of carbon dioxide, followed by
termation of ammonia, amines, etc., Without the addition of sugar to the ex- ement

there would have been very little production of free gas, as was observed in prellminary
areported experiments.  Dally gas readings were taken on fermentation tubes Lut to
save space, only wider-spaced observations or those where chanpes occurred are presentad,
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The results of the tests show that, under the laboratory condit ons, all agents were
effective over the ranges of concentration used except the para ormaldehyde and the
very low concentrations of soda ash, These data were used to ‘et the concentra lons
to he used in the Large scale drum storacre tests.

DRUM STORAGL TESTS

The following materials were used Iin th drum storage tests: &

Drums. One class of drum was employed, essentially in conformance to Specification
MIL-D-430%5 (QMC) 15 Jan., 1962. However dimensions were changed to conform to
suggesliv - rade in ur original proposal izs,a total filled capacity of about 0O-gals,

Class D: iber side alls, met 1 bottom, c ver with fiber skirt and metal top.
Norinal dimensions: 13«l/4" dia. x 16' ht, »
Obtained from Rheem ! g, Co.,4 S thgateg Californfa,

Liners, Three liner materials were used: &
4 mil polye*hylene (Dow Chemlc 1 C ,)
2 mil polyethylene = Cq9 m?l cellophane laminate (Do eckmun D'v. of Dow)
3 mil vinyl (VBA 9020 e Unlon Ca blde)

ALl liners were fabricated essentlally in conformance to Specification MIL-D-43056 (QMC)
15 Jan. 196 , but dimensions were altared t fit drum sizes used. All liners were
approximately 2u'" x 34' flats All liners w re manufactured by The Richmond Corporation,
Highland, California.

Hixed Hu an Waste, Obtained from and deli e ed by Modern Sanitation Co, of El Monce,
Carifornia.

o pet o satisfactory bracketing of preserva lve with two concentrations, the drum
experiments, using a total of 52 drums, were set up In accordance with Table III,

As mentioned above, .5 liters of water were placed in each d um before addition o

the preservative., After sanitizing agent an invert sugar were added, the l0-gal.

drums were filled a out 2/3 full with the mixed human waste, t .e liners closed an

tied ti htly by twisting wire bag tles, and stored for observ tion. The waste con 1isted v
of coll ction made on 30 Mayrat an air show, using portable to'lgts, and was untre ed,
he waste was transferred to a tank truck on the morning of 31 Jay, and delivered o

the test site. The material was mixed in the tan truck by mears of a circulating pump
tor about two hours so that it could be expected that the materia’ was well mixe It
was delivered dire tly to the storage drums from the tank truck through a 3" hose spout,

The storape drums ~ere Inspecte daily, except for the two days prior t the conclusion
of the 14 day test, for cdor and gas development. The odors from the c ntrols were strong @
and offensive, becoming progres ively more se¢ s the storage period ex .nded, Odors a so
developed from some of the sanitized drums although they coul be detected only when the
liners were iispected ~ith the drum covers removed, and when ne was quite close t the
liner, All additives appeared to reduce odor intensity subjective rganoleptic . serva-
tion r fer ed to the controls by about 9% or more. From the drums ccontaining soda ash,
there was an orpanlc amine or ammoniacal odor which also was cbserved with the contalners
employing pentachloropnhenate  The drums using saponified phenols had a fairly strong
phenoi ¢ odor wh le the drums containing cresy ic aclids displayed a much weaker odor of
the sare tvpe,
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T A B L E 111
HUMAN WASTE DRUM STORAGE TESTS
D r u m 'L 1 n e r
PRESERVATIVE CONCENTRATION POLYVINYL  POLVETHYLENE-CELLOPHANE  POLYETHYLENE
Numbers Below dentify Total of 52 Drums Usacl 1]

S0DA 2,5% wvl?] 1, 3 n 5 6
ASH 3.0% w/v 7 8 9 10 11 12
CRESYT,"C 1:750 13 14 15 16 17 18
ACIL
( PRCDUCTOL) 1,160 19 20 21 22 23 24
5% .HCMNOL + 1480 25 26 27 28 29 30
25% 0AP
(SUPTR-GRANITE) 1:160 al 32 13 3k 35 36
SCDI JM PENTA~ A% w/v 37 38 39 40 41 42
CHLOROPHENATE
(DOWICIDE G) 1% w/v 43 Wy 45 46 47 48
N NE * Ny
(COt TROLS ~ 49 50 51 52
{217 w/v welght volume = g/liter 3 lbs/12 gal = 0,83 1bs/l0 gal.

POTE I v rt sugar (5%% sol'n) was added to every drum to glve about 0.5% of sugar

1in he mixed waste.
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Gas evolution was pronounced in the unsanitized control drums, during the initial
period of the test, The same pattern as found in the laboratory experiments, viz.,
gradual disappearance of the generated gas during the later portion of the storage
period was observed. This probably was due partly to reabsorption of acid gases by
alkaline materials formed as the result of the fermentation of nitrogenous compounds.
However, in view of the permeability of the plastic liners, some gas was undoubtedly
lost by diffusion, ©ittle or no gas generation was observed in the drums containing
sanitizing agents.

Since the visual observation of gas formation and the rganolep ic odor tests indicated
rather high effectiveness of all sanitiz 'ng agents used, it was decided to analyse spot
samples of the liquids after eight days of storage, in order to evaluate the bactericidal
effect of the sanitizers, Such tests we e not foreseen in the riginal work scope and,
because of the limited time available for th s phase of the project, only spot analyses
could be made, The drums selected for sampl ng were Nos, 7, 12 23 and 51, The first
two drums contained 3% soda ash. No,23 contained cresylic acid i 1:160 dilution and

No 51 was an unsanitized control. This salection was made to co pare the effect cof the
so a ash, which is not considered a bac'ericide, and resylic acid which is known to be
a rery effective bactericida. The analys s conducted Included total bacterial count
(Standard Plate Count Method of the American Public Health Asscc et al, 1960), an.erobe
growth (Thioglycollate broth) and determination of re idual invert sugar. In order to
prevent carry-over of significant quantities of sanit zing agent to the growth medium
the sampleswaere diluted 1710 before inocc lation., The results of these analyses are
shown in Table IV below,

TABLE IV

ANALYSES OF STORED HUMAN EXCREMENTS - AFTER EIG T DAYS OF STORAGE

DRUM NUMBER: 7 12 23 51
PRESERVATIVE: Soda Ash S da Ash  Cresylic Acid None
PRESERVATIVE CONC./DI UTION 3.0% 3.0% 1:160 -
TOTAL BACTERIAL COUNT / ml @ 37°C TNTCl NTCl lLess than 10 L00
(none found)
AJAEROBES-THIOGLYCOLLATE (30° & 37° C) Growth wrow h Uncertain? Growt:

RESIDUAL INVERT SUGAR (about 1% origi-
nally added). Trace 0 1.2% 0

L1] Too numerou to count at 1:10 dilution.

(2] Ho growth wias found at 30°C and very few organisms found at 37°C.

The data presented in able IV indicate that under the storage conditions cresylic

acid (at a concentration of 1:160) i{s an effective sanitizer as evidenced by the finding
of essentially no bacteria and the presence of all the invert sugar originally dded
after eight day of storage. This confirms the aborat ry experiments. Socda ash o the
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other hand, displayed little if any bactericidal action, but seems to have retarded the
rate of fermentation, probably because of the high initial pH (11.0) of the solution,

As carbon dioxide was gradually generated by slow preferential fermentation of the invert
sugar--and was absorbed by the alkaline solution--the pH dropped to 9.3 (because of bi-
carbonate formation) after 8 days of storage, providing a more favorable environment for
bacterial growth than existed at the beginning of the test. If this mechanism is accepted
the analytical data and the observations--i,e., little or no gas formation, low odor level,
high bacterial count and disappearance of the invert sugar--can be explained,

The relatively low total bacterial count found in the unsanitized control drum can probably
be explained by the well knewn fact that bacteria die gradually in a substrate devoid of
utilizable nutrients and which may contain toxic bacterial waste products. There were
four liner failures during the tests, one with laminated polyethylene-cellophane, three
with vinyl. The polyethylene-cellophane liner failed on filling from mechanical rupture.
The three vinyls failed after nine days, again by mechaniecal failure. All liners appeared
to be compatible with the contents as far as chemical resistance was concerned.

Storage temperature never exceeded 75°F during the test period. Unfortunately, a
temparature-controlled storage space was unavailable. It would be expected that a more
elevated temperature would accelerate the biological activity, and might have some
bearing on the obsaerved results.

COSTS

Preliminary data have been obtained on the cost of sanitizing agenta. Quantity-pestoed
prices are listed below, followed by a tabulation of estimated cost ranges for actual
use in l0-gal. containars.
SODA ASH, 58% Nag0 (Americaff Potash & Chemical Co., los Angeles)
T
20 ton Truckloads, bagged, $35,00 per ton f,o.b. Trona, Calif,
bulk, $30.00 " " " " "

CRESYLIC ACIDS, Grade 3837 (HIGH BOILING) (Productol Co., los Angeles)

Carloads $ 0,95 par gallon
SAPONIFIED CRESOLS (Super Germite, Standard 0il Co. of Calif.,)

Carloads $ 1.88 per gallon
SODIUY PEMTACHLOROPHENATE (DOWICIDE G, Dow Chemical Co.)

20~30,000 1lbs, $ 0.26 per 1b, (Flake, pellaets, beads, powder).

Lstimated Use Cost: l0-pallon Commodes

AGENT : SODA ASH CRESYLIC ACIDS SAPONIFIED CRESOLS NaPCP
CONCENTRATION  2,5% 3.0% 1:160 1°759 1:160 1:u80 * 0.1% 1.0%

&
CosT, ¢ 3.7 u.u 0.6 0.13 1.18 0,139 2, 8 2L.B [

L2
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DISCUSSION and CONCLUSIONS

San1t1zin§ Agents: Resu ts reported above indicate that all agents tested exhibited

a reasonably satisfacto-y control over odor development under the test conditions

which were more rigorous than can be expected in a fallout shelter. Howaver, it is
apparent from the sugar analyses and counts that the soda ash is really not a sanitizing
agent. Control of odor by this chemical must larg ly be due to absorption of generated
gas in the alkaline solution. This postulate is further verified by the fact that the
pH dropped from 11,0 to 9 3 during the fest period On tha other hand, 1t is quite
apparent that the cresylic acids (and, presumably, the aponified phenols) definitely
stopped fermentation and controlled odor under the rigorous test conditions. While

the sodium pentachlorophena e alsc appeared to be an effective agent, it may be diacarded
because of its dust toxicl y in handling and its cost

Therefore, in considering the variables of effective bactericidal action, odor control
and cost, it would seem that th cresylic acids tested are the most desirable agent., The
principal disadvantage of t e cresylic acids is their corrosiveness to t e skin when
handled in concentrated form, However, assuming that the cresylic acid is supplied in
easily-manageable containers and some instruction is given to the person responsible for
disbursing of the apent, and that gloves and, possibly face masks or goggles are
provided, it would not appear that this hazard is one of any substantial consequence,

Storage Containers: The suitability of the several plastic liners for waste storage under
the ondlitions employed indicates that the polyvinyl liners have too low an index of
integrity to be considered.

he polyethylene and polyethy ene-cellophane laminate liners appear to be satisfactory
as far as chemical resistance 1s concerned However, in these cases also, integrity
must be an important factor. The number of tests run do not provide satls actory
statistical base for analysis, but one failure of the laminate liner n seventeen
samples is cer ainly too high,

Finally, the permeability of all liners to gas diffusion and odor pene ratlon appears
to be too high. This factor could be of considerably greater magnitu e if storage
ware to take place under higher temperature and humidity conditions as might be found
{n much of the United States under Summer conditicns,

We can only conclude that none of the liner materials can be recommen ed firmly, The
polyethylene 15 the most suitable from a compatibility and cost stardpoint, and mipht
be arginally acceptable.

The fiber drums with metal tops and bottoms appear to be quite satisf tory for the
conditions prescribed, providing none of the Iiners leaks, The fibar rums will not
contain leakage on their own.

The tollet seat model as delivered by the government appears to ke sat sfactory in
general Jdesipn, However, the hole should have the upper edges rounded This seat
could hest be fo med in quantity from pressboard r similar ma arial, in which the
hole and centeri g ring could be formed in the seat in a single di peration.
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RECOMMENDAT ONS FOR FUTURE WOR

- Liners. Since the initiation of this project,.new provisicnal mllitary~specificati6ns

- ¥or polyethylene bags, covering 2 mil :ouble bags and 4 mil double bags, have been issued.
"While these specifications should contribute substantially to the mechanical integrity
factor, they should be tested, particularly for gas and odor permeability. Of course,

it is recognized that cost will be increased. ,

Currently, laminated fil s utilizing Mylar with other plastles and, .in fact, triple
laminates, including aluminum foi., are produced commercially. While their cost is
high at present, such films have the advantages of strength integrity, and nearly
zero permeability to gases. It would be desirable to test such films in comparison
. with the more recently specified polyethylene ‘structures.

' Although polypropylene films to date have not been readily available, the price of
this material is diminishing, and more is entering the market, It might also be of
interest to consider suitable formulations of such materlal.

. Finally, we are aware of some work being done in - he.field of producing suitable lined
" drums. Certainly, as the liners become more elab- rate :and costly, integrally lined
drums may become cost competitive for the require aervice. The utilization of such
units certainly shovld be investigated.

’ Storage Conditions. As pointed out in the report. the atorage tests wers conducted

at temperatures not exceeling 75°F {n a well-ventilated room. Since fermentation
processes are quits sensitive to temperaturs, significantly different results might

be obtailned at higher temperatures. It ls, therefore, recommended that additional
tests be conducted atecontrollad elevated temperatures. Furthermore, since ventilation
has a considerable bearing on the odor level in a confined space, the additional tests
should e conducted at : confinement conditions aimulating closely those to be expacted
in a fallout shealter,




